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SUMMARY

The objective of this test plan is to describe research to determine the gaseous by-products of the 
adsorption of CH3I on hydrogen reduced silver exchanged mordenite (AgZ).
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SEPARATIONS AND WASTEFORM CAMPAIGN

JOINT TEST PLAN TO IDENTIFY THE GASEOUS BY-
PRODUCTS OF CH3

1. OBJECTIVE

I LOADING ON AGZ

The objective of this test plan is to describe research to determine the gaseous by-products of the 
adsorption of CH3

2. BACKGROUND

I on hydrogen reduced silver exchanged mordenite (AgZ).

In FY10 INL conducted three breakthrough runs using AgZ.  During the course of these tests elemental 
iodine was observed in the effluent from the bed.  The only source of iodine in the system was the CH3I
in the feed gas.  It was hypothesized that the elemental iodine was generated within the sorbent bed, 
presumably from a reaction likely catalyzed by silver mordenite.  It was also observed that the levels of 
CH3I and I2 in the effluent did not rise in concert, i.e., the ratio of the CH3

This behavior does not appear to have been reported previously nor has it been independently confirmed.  
Previous work at PNNL, INL and ORNL conducted in the late 1970s and early 1980s also focused on the 
adsorption of CH

I in the effluent decreased from 
~96% to 3-5% over the course of the run (Haefner, 2010). 

3

3. DATA GAP ANALYSIS

I on AgZ as this was thought to pose a greater challenge to the iodine sorption media 
than elemental iodine.  However, these tests did not examine the effluent gas in great detail.

A number of questions have been posed by the observed behavior and are presented in Table 1.  This 
table also identifies relevant past work and possible approaches to develop answers to the seven main 
questions.  

The two initial key questions that need to be addressed from this list of seven main questions are:

1. Is elemental iodine observed in the effluent?  This will require duplicating the run from FY10 
with sufficient sampling and analysis to confirm or refute the previous observation.  Sub-
questions include:

a. What other iodine species are in the effluent?
b. What organic compounds are in the effluent?

2. If the reported behavior is confirmed, then what is the origin of the elemental iodine?  Sub-
questions include:

a. Is this a gas-gas reaction?
b. Is this a result of the iodine capture?
c. Is this a result of the substrate?
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Table 1 also shows a number of other questions that need to be answered to understand the mechanism 
and impact of this behavior.  The initial confirmatory phase will be covered within the FY13 scope of 
work.  Additional phases are proposed to address these remaining questions in FY14 and possibly FY15.

The test plan presented below details the Phase I tests needed to identify the gaseous by-products that 
arise from the adsorption of CH3

4. TEST PLAN

I by AgZ.  The subsequent phases are needed to address the remaining 
questions and are included for completeness, but in less detail.  The completion of all phases is needed to 
gain fundamental engineering data associated with the adsorption of organic iodide compounds on silver-
containing sorbents.  

Phase II and Phase III tests are less defined and will be revised and refined based on a review of the Phase 
I test results.  Conceptually, Phase II and Phase III portions of this test plan are designed to provide 
significantly more insight into the mechanisms associated with the adsorption and reaction / 
decomposition of CH3

Note:  Question numbers follow specific test numbers shown in Table 1.

I and other organic iodides on AgZ and other iodine sorbents.  These tests should 
provide data to support engineering calculations that are needed to design iodine capture systems which 
efficiently and reliably remove organic iodides

1. Phase I Testing – Confirm previous observations and identify primary factors.
a. Chemical equilibrium calculations – HSC Chemistry or some other model – of what might be 

expected in gas-phase and gas-solid phase reactions (INL to do gas-solid reactions; ORNL to 
do gas - gas reactions.) (questions 1, 2b)

b. Deep-Bed Tests at INL
i. Determine stability of gas phase samples.  (INL / PNNL / others?)

ii. Blank tests – no sorbent, 150 C, with and w/o NO, NO2, H2

1. Test 1:  

O, to assess gas-phase 
reactions  (Question 1a)

a. 150 C,
b. superficial velocity 4.3 m/sec, 
c. 33 ppm CH3

d. 2 wt% water, 
I, 

e. 833 ppm NO, 
f. 833 ppm NO2

2. Test 2 – if elemental iodine observed in Test 1 in this series, perform a test 
without H

.

2O and NOx

a. 150 C,
:

b. superficial velocity 4.3 m/sec, 
c. 33 ppm CH3

d. ~30 ppm water (-70 C dew point [DP]), 
I, 

e. 0 ppm NO, 
f. 0 ppm NO

3. Test 3 – if elemental iodine observed in Test 1 in this series, perform a test 
without H

2

2

a. 150 C,
O:
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b. superficial velocity 4.3 m/sec, 
c. 33 ppm CH3

d. ~30 ppm water (-70 C DP), 
I, 

e. 833 ppm NO, 
f. 833 ppm NO

4. Inlet and outlet gas streams will be analyzed to measure CH
2

3I, I2

5. ORNL will have capabilities to run at % levels of NO and NO

, and to the 
extent practical with existing available instrumentation, other likely gaseous 
reaction products, in near real time using FTIR, GC-MS, ICP-MS, etc.  

2 and could 
complement these tests.

iii. Replicate CH3I loading on deep bed to confirm presence of elemental iodine in 
effluent.  Goal: Determine presence / absence of I2 and / or CH3I at intermediate 
points in bed.  First branch point - Is I2

1. Test 1:  

observed.  If no – then the primary purpose of 
this test plan has been achieved.  (question 1b, 1c)

a. 150 C,
b. superficial velocity 4.3 m/sec, 
c. 33 ppm CH3

d. 2 wt% water, 
I, 

e. 833 ppm NO, 
f. 833 ppm NO2

2. Test 2 – if elemental Iodine observed in Test 1 in this series, perform a test 
without H

.

2O and NOx

a. 150 C,
:

b. superficial velocity 4.3 m/sec, 
c. 33 ppm CH3

d. ~30 ppm water (-70 C DP), 
I, 

e. 0 ppm NO, 
f. 0 ppm NO

3. Test 3 – if elemental Iodine observed in Test 1 in this series, perform a test 
without H

2

2

a. 150 C,
O:

b. superficial velocity 4.3 m/sec, 
c. 33 ppm CH3

d. ~30 ppm water (-70 C DP), 
I,

e. 833 ppm NO, 
f. 833 ppm NO

4. Inlet and outlet gas streams should be analyzed to measure CH
2

3I, I2

5. ORNL will have capabilities to run at % levels of NO and NO

, and to 
the extent practical with existing available instrumentation, other likely 
gaseous reaction products, in near real time with available tools including
FTIR, GC-MS, ICP-MS, etc.

2 and could 
complement these tests.
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6. Determine if there are temporal changes in form,  i.e., does I2

iv. Repeat tests with Ag-free sorbent to determine if effect detected in 1.a is result of the 
presence of Ag or merely the result of the substrate.  Goal: Determine if observed 
behavior is the same or different as with AgZ.  (question 1b, 1c)

at given 
distance in bed increase with run time or is it fixed with respect to adsorption 
front?  This may require a slight change in design of the deep bed system,
such as six 1.27 cm deep beds instead of beds of varying depth, for example.  
The actual configuration should be developed following assessment of results 
of the initial tests.

1. Repeat tests in 1.b.iii with NaZ or other non Ag media.  If effect is observed 
conduct a follow-on test with alternate zeolite.

v. Characterize the form / species of iodine in the gas stream that passes between bed 
sections. (questions 1c, 2b)

1. Potential sample analysis techniques include: FTIR, GC, ICP-MS.
c. Single pellet tests at ORNL – These tests will utilize the test protocol established in the joint 

test plan for thin bed and deep bed testing of iodine sorbents (Jubin 2012b).  A portion of the 
materials produced in this series of tests will be used in the analysis performed in section 1.c 
of this plan. 

i. General test conditions to be used on this series of tests:
1. Test 1:  

a. 150 C,
b. superficial velocity 4.3 m/sec, 
c. 33 ppm CH3I or 25 ppm I2

d. 2 wt% water, 
,

e. 833 ppm NO, 
f. 833 ppm NO2

2. Test 2:
.

a. 150 C,
b. superficial velocity 4.3 m/sec, 
c. 33 ppm CH3

d. ~30 ppm water (-70 C DP),
I, 

e. 833 ppm NO, 
f. 833 ppm NO2

3. Test 3:
.

a. 150 C,
b. superficial velocity 4.3 m/sec, 
c. 33 ppm CH3

d. ~30 ppm water (-70 C DP),
I, 

e. 0 ppm NO, 
f. 0 ppm NO2

ii. Determine which iodine compounds limit the adsorption process and the impact of 
operational conditions on limits

.

1. Determine the maximum capacity for inorganic iodine on the NaZ
a. How much is chemisorption; Ag-free sorbent
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b. How much is physisorption; Ag-free sorbent
2. Determine the maximum capacity for CH3

a. How much is chemisorption; Ag-free sorbent (question 1c, 1d, 3, 6)
I

b. How much is physisorption; Ag-free sorbent (question 1c, 1d, 3, 6)
3. Determine the maximum capacity for inorganic iodine on the AgZ

a. How much is chemisorption; Ag sorbent
b. How much is physisorption; Ag sorbent

4. Determine the maximum capacity for CH3

a. How much is chemisorption; Ag sorbent (question 1c, 1d, 3, 6)
I

b. How much is physisorption; Ag sorbent (question 1c, 1d, 3, 6)
d. Structural studies (PDF) at SNL/ANL/APS on samples prepared at INL and ORNL.  Goal is 

to identify if the adsorption of CH3I occurs at the same sites as I2

i. Static tests to see where CH
.

3

2. Phase II Testing – to be carried out if Phase I tests confirm the presence of both I
I adsorbs on AgZ (question 3c)

2 and CH3

a. Deep bed tests at INL

I in the 
gas phase from the AgZ.

i. Initial tests with inorganic iodine (I2

1. Ag-free sorbent

and HI) to determine a set of reference data.  HI 
could be considered if and when the need is established to be prototypic and a 
suitable generator is available 

2. Ag-loaded sorbent
ii. Initial data need to indicate that the material has sufficient decontamination and 

capacity to warrant further testing 
1. Determine DF – how is this affect by operating conditions for CH3

2. Determine MTZ – how is this affect by operating conditions for CH

I
adsorption.

3

iii. Tests with CH

I
adsorption

3I and mixtures of CH3I, I2

1. Characterize the gases passing between bed sections

, and HI at prototypic concentrations and 
higher concentrations

2. Characterize the solids after reactions have run their course
b. Single pellet tests at ORNL

1. Determine the maximum capacity for CH3

a. Impact of H

I and mixtures of organic and 
inorganic iodine

2O, NO, NO2 on CH3

b. Determine the effects on the solid sorbent

I adsorption. (question 1b, 4, 5, 6, 
7)

c. Studies on AgZ with variations in streams to monitor sorption in real time. (CH3I, H2O, NO, 
NO2

i. Impact of H
, etc.) using in-Situ DRIFT/PDF (IR & synchrotron) 

2O, NO, NO2 on CH3

d. Structural studies (PDF) at SNL/ANL/APS on samples prepared by INL and ORNL
I adsorption. (questions 3c and 5)

i. Static tests to see where CH3I adsorbs on AgZ (question 3c)
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3. Phase III Testing – Expanded evaluations into prototypic conditions for DOG and VOG
a. For the materials that meet the minimums above, perform tests at INL and ORNL with 

prototypic non-iodine gas mixtures (air, humidity, mixtures of NOx

i. Perform deep-bed tests at INL with prototypic gas streams and iodine concentrations 
which are most likely mixtures of inorganic and organic compounds

, other off-gas 
components)

1. Characterize the solids from these tests
2. Characterize the changes in the component concentrations in these prototypic 

gases when they pass through the solid sorbent; Ag-free sorbent
ii. Perform capacity tests at ORNL with prototypic gas streams and iodine 

concentrations
1. Characterize the solids from these tests
2. Characterize the changes in the component concentrations in these prototypic 

gases when they pass through the solid sorbent; Ag-free sorbent
iii. Perform ‘aging’ tests at ORNL with prototypic gas streams

1. Characterize the solids from these tests
2. Characterize the changes in the component concentrations in these prototypic 

gases when they pass through the solid sorbent; Ag-free sorbent
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